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A TEN-YEAR STUDY OF THE STATUS AND TREND OF THE 

REGAL FRITILLARY (SPEYERIA IDALIA) (LEPIDOPTERA: NYMPHALIDAE) 

IN 
WISCONSIN, 
U.S.A. 

Ann B. Swengel and Scott R. Swengel 1 
ABSTRACT 
We summarize all available 
locality records 
by ,us and others for the regal 
fritillary (Speyeria idalia) during 1970-99 in Wisconsin, where it is listed as 
endangered. Nearly all reas of egular observation 
(i.e., 
populations) oc­
curred in clusters of 
sites. All 
historical localities and extant populations (or 
population clusters) were 
discovered 
by volunteers. The species' historical 
reputation as localized and scarce continues to appear justified, but the 
paucity 
of 
historical data precludes further refinement of its statewide status 
and trend in past decades. Regal fritillary habitat has typically been 
de­scribed as native prairie grassland. This appears 
often, 
but not always, to 
correlate with other factors more strongly associated with regal fritillary 
populations: 
larger grassland patches more likely to have topographic diver­
sity and long-term histories of more 
favorable 
land uses (such that native 
flora, if present, has not been destroyed). These other factors, without reg rd 
for the "nativeness" of the vegetation, have proven useful in selecting sites to 
search 
for undiscovered populations. 
We also present nalyses of our transect 
survey data 
from 49 
grasslands in Wisconsin during 1990-99 for both regal 
fritillary and the 
closely 
related but more widespread and abundant 
Aphrodite fritillary (Speyeria aphrodite). Flight period timing varied among 
years 
by 
:?:3 weeks for both fritillaries. These results should be useful for de­
signing and interpreting surveys to monitor fritillary 
populations. 
Like other large fritillaries (Speyeria Scudder [1871]) (Lepidoptera: 
Nymphalidae), the regal fritillary [S. idalia (Drury 1773)] occurs as a single 
annual adult generation broadly spanning summer. Speyeria flight period 
graphs tend to be asymmetrical, with a long attenuation later in summer 
after peak numbers. 
Most eggs 
are laid in late summer, singly and appar­
ently haphazardly near, but 
seldom on, violets. 
Speyeria species overwinter 
as unfed first-instar larvae. 
All 
available reports indicate that Viola (Vio­
laceae) (violets) are the only larval food plants for Speyeria. In the laboratory, 
many Speyeria species can complete development using a variety of violet 
species. S. idalia primarily inhabits prairie, a grassland habitat of native 
floristic composition in cen ral North America, but outside the prairie region 
occurs in damp meadows and upland pastures, not necessarily of native veg­
etation 
types. 
Speyeria adults may disperse many kilometers, either to nec­
tar 
or oviposit (Opler 
and Krizek 1984, Sedman and Hess 1985, Scott 1986, 
Heitzman and Heitzman 
1987, 
Royer 1988, Nagel et al.1991, Iftner et 
a1.1992, Allen 1997). 
1909 Birch Street, Baraboo, Wisconsin 53913 USA. 
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Because of the vast destruction of prairie in the past two centuries 
mostly for conversion to agriculture, the regal fritillary has experienced 
widespread decline and marked range contraction (Hammond and McCorkle 
1984, Johnson 1986, Swengel 1993, Allen 1997, Debinski and Kelly 1998, 
Layberry et a1.1998, Schlicht and Orwig 1998). As a result of this conserva­
tion issue, much recent survey work has been 
conducted to 
assess this 
species'status and trend 
(e.g., Royer 
and Marrone 1992, Wagner et a1.1997, 
Debinski and Kelly 1998, Kelly and Debinski 1998, Schlicht and Orwig 1998, 
Williams 1999). 
In this 
paper, we 
present results from our ten-year study of the status 
and trend of the regal 
fritillary 
in Wisconsin, where it is listed under state 
regulations as en Bureau of Endangered Resources 1999). Our con­
current 
studies of 
th fritillary in five contiguous states south and west 
of Wisconsin (e.g., Swengel 1996, 1997a, 1998; Swengel and Swengel 1997) 
were useful for planning the field work and interpreting the results of this 
study. Here we summarize all available locality records (ours and others') for 
the 
regal fritillary 
in Wisconsin during 1970-99. We also report results from 
our transect surveys in the state during 1990-99 in the flight period of both 
regal and 
Aphrodite [Speyeria aphrodite (Fabricius 1771)] fritillaries. The latter
is closely 
related and overlaps in range and habitat with the regal frit­
illary, but is more widespre d and abundant in Wisconsin (Ebner 1970, Opler 
and 
Krizek 1984, Scott 1986). 
The goals of 
this study included the following. (1) Follow-up on the status 
of historical localities. (2) Search for additional populations, especially at con­
served sites because of the likelihood of long-term habitat security there. (3) 
Increase the accuracy nd specificity of the definition f what is (and isn't) 
high-potential abi at for this species. (4) Compile information on annual 
variation in flight period timing, which is necessary for designing and i ter­
preting surveys to monitor regal fritillary populations. (5) Evaluate the expe­
riences and outcomes of this tudy n terms of the feasibility of attempting to 
determine the status and trend of 
a 
butterfly species on such spatial and 
temporal scales, given th  level of knowledge and resources available at the 
start of the 
study. 
METHODS Study sites and surveys. We 
selected 49 
grassland study sites (Table 1) 
because they had historical and/or cu rent regal fritillary records or ha  po­
tential habitat. 
A e site (in 
terms of contiguous ownership) as subdi­
vided into multipl y sites if:?: 200 m of wetland, woodland, and/or tilled 
land 
intervened among our sampling areas. 
But we kept Thousand's II and 
Thomson 2 separate because of their different survey histories (1990-99 at
the 
former, 1992--99 
at the latter). During this study, we visited many recent 
historic sites (records from 1970-89). We also visited each distinct area or 
portiones) of site clu ters where regal fritillary record(s) occurred in the 
1990s, although we did not attempt to visit all known sites, much less poten­
tial habitat 
patches, within a cluster 
of sites. Besides the 49 study sites in 
Table 1, we visited additional sites (mentioned n Results) only informally, as 
they 
did not appear to 
warrant formal survey effort. Of the study sites, we 
maintained 
a core group 
of sites surveyed each y r once added to the study. 
At other study sites, we surveyed for a few years, until it appeared unlikely 
that additional 
surveys would 
contribute more information on prairie-re­
stricted butterflies. Most study sites were conserved lands in private or gov­
ernment 
ownership (Table 
1). 
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Table 1. Study sites, their county (mapped in Fig. 1), and estimated patch sizes (ha) of 
prairie 
(grassland 
with some native floristic component) and grassland (whether na­
tive or non-native flora), for all sites surveyed during June-September 1990-99. All 
sites are grassland or open savannah (predominately herbaceous), not brushy scrub. In 
several cases, the site name changed after we started surveying; in other cases, the 
site name 
is 
not known to us. The sites are conserved land owned by the state except 
as 
footnoted. 
Site 
name County Prairie (ha) Grassland (hal 
Avoca Iowa 324 324 
* BarueveldT Iowa 16 32 
+ Black Earth Rettenmund T Dane 4 4 
+ Blue River Cactus Flat Grant 36 36 
* Buena Vista Wildlife Areas 1-2 Portage 2586 
* Buena Vista Wildlife Area 3 Portage 550 
* Buena Vista Wildlife Area 4 Portage 389 
* Buena Vista Wildlife Area 5 Portage 210 
* Buena Vista Wildlife Area 6 Portage 49 
+ Buena Vista Wildlife Area 7 Portage 348 
* Buena Vista Wildlife Area 8 Portage 146 
* Buena Vista Wildlife Area 9 Portage 340 
* Deer Valley Golf Course P Iowa 18 20 
+ Dewey Heights Grant 1 1 
Grand 
River Wildlife 
Area 1 Marquette 0 162 
+ Grand River Wildlife Area 2 Green Lake 8 81 
* HogbackT Crawford 16 16 
+ Leola Wildlife Area 1 Adams 130 
+ Leola Wildlife Area 2 Adams 235 
Mead Wildlife Area Marathon 259 
* Muralt BluffC Green 15 15 
* Oliver farmP Green 4 4 
* Oliveru Green 2 2 
+ Paul Olson Wildlife Area Portage-Wood 340 
* Pine Island Wildlife Area 1 Columbia 20 121 
* Pine Island Wildlife Area 2 Columbia 12 12 
+ Rush Creek Bluffi; Crawford 38 38 
+ Schluckebier T Sauk 9 9 
+ Spring Green ("main or east") T Sauk 32 81 
Spring Green WestT Sauk 8 8 
* Thomson IT Dane-Iowa 5 121 
* Thomson2T Iowa 32 121 
Thousand's rr Dane 1 121 
* Thousand's ITT Iowa 2 121 
+ ValeE Green 1 1 
* Waterfowl Production Area 1 eastF St. Croix 1 57 
* Waterfowl Production Area 1 westF St. Croix 4 24 
+ Waterfowl Production Area 2F St. Croix 16 
Waterfowl Production Area 3F St. Croix 65 
+ Waterfowl Production Area 4F St. Croix 32 
+ Waterfowl Production Area 5F St. Croix 16 
Waterfowl Production Area 6F St. Croix 49 
+ Waterfowl Production Area 7F St. Croix 49 
+ Waterfowl Production Area SF St. Croix 65 
+ Waterfowl Production Area 10F St. Croix 16 (Continued) 
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Table 1. (Continued) 
Site name 	 County Prairie (ha) Grassland (ha) 
+ 	 White River Wildlife Area 1 Green Lake 32 
+ 	 White River Wildlife Area 2 Green Lake 49 
+ 	 White River WIldlife Area 3 Green Lake 291 
Wildlife Area 9 St. Croix 16 
+ only Aphrodite fritillary recorded at site during this study (1990-99)
*both Aphrodite and regal fritillaries recorded at site during this study 
C owned by county 
E owned by The Prairie Enthusiasts (a private non-profit conservation organization) 
F owned by the U.s. Fish and Wildlife Service 
P owned privately 
T owned by The Nature Conservancy (a private non-profit conservation organization) 
{J 
owned by 
the University of Wisconsin 
During summer 1988-89, we conducted informal visits to familiarize our­
selves with potential study sites and preliminary field work to practice the 
survey method. We included al  sites from 1988-89 in this study (1990-99). 
One of these (Avoca) was not surveyed after 1990, but we had also surveyed 
it during our summer study 
period 
in 1988. We concurrently conducted simi­
lar 
surveys 
of the regal fritillary in the tallgrass prairie region of five con­
tiguous states s th and west of Wisconsin. These observations were useful 
in 
site selection, survey timing, 
and data interpretation in Wisconsin. During 
the 
course of 
this study, we altered and refined our definition of potential 
habitat. 
Initially, 
our study sites were primarily patches of native never­
tilled prairie flora but we later added sites of primarily degraded grassland 
or old field, of which all but one (Mead) were in counties within the regal frit­
illary's historic r nge COpIer 1995). 
Transect butterfly surveys occurred in the same route corridor on each 
visit 
to a site. 
We counted all adult butterflies observed ahead and to the 
sides, to the limit of species identification (possibly with binoculars after de­
tection) and our ability to track individuals. We walked at a slow pace (1.5-2 
km/hr) on parallel routes 5-10 m apart, or down the middle of this route cor­
ridor if surveying alone. We tried to field both of us together on surveys as 
much as 
possible for methodological consistency. Surveys by one person were 
conducted, however, to fill 
data gaps caused by scheduling constraints and 
poor weather on days when both surveyors could be fielded. Surveys during 
the study 
period (June-September) conducted by a single surveyor comprised 10--11
% of 
the survey distance and time, 7% of the regal fritillaries, and 6% 
of the 
Aphrodite fritillaries 
in this study. All surveys in thi  stud  were con­
ducted by one or both of the authors, which may afford more methodological 
consistency than if all surveys were conducted 
by two people, 
but with 
changeover in personneL 
A new sampling unit was designated whenever the habitat along the 
route 
corridor changed markedly 
in vegetation type, degree of degradation, 
or management. Routes crossed ath r than followed ecotones and manage­
ment 
boundaries to reduce edge effects, 
and were designed to maximize sam­
pling per unit but minimize number of unit changes during the site survey, 
while sampling representative areas of th  site. For each unit survey, tem­
perature and time spent 
surveying were recorded, 
and wind speed, percent 
time the sun was shining, percent cloud cover, and route distance were esti­
mated. Surveys occurred during a wide range of times of day and weather, 
occasionally in intermittent light drizzle, so long as butterfly activity was ap­
4
The Great Lakes Entomologist, Vol. 34, No. 1 [2001], Art. 13
https://scholar.valpo.edu/tgle/vol34/iss1/13
2001 THE GREAT LAKES ENTOMOLOGIST 115 
parent, but not in continuous rain. Data were kept separate by unit survey. A 
unit's management was classified based on treatments observed or evident 
during the 
study, including combinations (e.g., 
burning + mowing), following 
information available from newsletters, brochures, and personal communica­
tions from the agencies that owned and/or man ged the sites. Management 
age class (years since last treatment) was coded as 0 years «1 year) since 
last treatment, 
1 
(;:: 1 but < 2 years ago), 2, etc. For units managed with more 
than 
one type, 
management age class was tracked separately for each man­
agement 
type. During 
1990-99, we conducted surveys on 116 days 
(7 to 17 per year) be­
tween 
3 
June and 7 September, with all but two days after 22 June an  all 
but 
two before 1 September. 
We surveyed individual sites during June-Sep­
tember 
on average 2.4 times 
per year (range 1-9) in 4.0 years (range 1-10 
years). We did not attempt to document the first and last week of the regal 
fritillary's flight period each year. Instead, we wanted to survey both early 
and 
long enough 
that our survey total'! over each season would first increase 
and then 
decrease, so 
that the period of peak flight could be estimated. To as­
sist in timing our 
visits, we observed 
numbers of adult Aphrodite fritillaries, 
a more widespread and abundant congenor similar in flight period timing 
(Klots 1951, Ebner 1970), in the regal fritillary's historic Wisconsin range 
(Fig. 1). Fortuitously, thr ghout the study, the second author worked in 
Sauk 
County (mapped 
in Fig. 1) at a daytime job which required substantial 
outdoor work in a site with grassland supporting Aphrodite fritillaries. Sum­
mary statistics 
on survey conditions 
and effort are in Table 2. 
Data analysis. For 
each fritillary, we identified 
the "regional peak" as 
the date 
each 
year with the highest observation rate of each fritillary, based 
on total individuals recorded per effort spent surveying per date, at all sites 
in the 
historic Wisconsin 
range of the regal fritillary (Fig. 1) where we had 
ever recorded the species in this study. We measured effort as both time and 
distance surveyed, and these measures covaried strongly ( r =+0.869, N = 
1529 unit surveys, P < 0.0001, Spearman rank correlation). Thus, standard­
izing observations to rates based on time or distance would yield similar re­
sults. We chose tim because it can be very precisely measured for each sur­
vey, making 
for more robust comparisons among sites. Distance 
was similar 
within 
site 
among surveys, but was less precisely measured since we esti­
mated it based 
on pacing and/or maps. In 
1999, 
the daily rates for regal fritillary were very similar on 12 and 26 
July when standardized per hour 
(22.2 vs. 22.3, respectively), 
but standard­
ized to distanc , th  rates were 11.7 vs. 10.9 per km, respectively. Because of 
this 
discrepancy, comparisons of flight period 
timing were calculated both 
ways, with either 12 or 26 July 1999 as the fritillary's regional peak. 
Such discrepancies did not occur for the Aph e fritillary, probably due to 
the large sample 
size for 
this more widespread an abundant species. 
All statistics were calculated using ABstat 7.20 (1994, Anderson-Bell, 
Parker, 
Colorado, USA). 
RESULTS Historical and current sites. 
Eleven 
areas (each a s parate locality or 
cluster 
of sites) have regal fritillary record(s) from 1970-89 documented by extant
specimen(s) or diagnostic 
description (Table 3). During the 1990s 
(Table 3), the species continued to be recorded in the Muralt cluster, and was 
refound by us at Pine Island (at the original site and a new sit ) and by oth­
ers and us in 
multiple sites 
in one of the three adjoining townships in St. 
5
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Figure 1. Map of Wisconsin labeling counties mentioned in this study. The 
thick black line indicates th  northernmost extent of historical records for 
the 
regal fritillary (Opler 1995), with 
the asterisk (*) indicating one county 
record north ofthat line. 
Croix County. Each of these represents a consistent (i.e., resident) population 
(or cluster or populations). From others' and our observations, the species 
now appears extir ated at Governor Dodge and Spring Green. Records at
both sites included multiple years and multiple individuals seen at once, sug­
gesting that resident populations once occurred there. The source popula­
tions for records at Hallie Township, Black Earth (single male seen on two 
dates in 
1989 by 
senior author), Highway CV, Highways 5810, and the 
prairie planting at the field station (two seen on one date) have not been 
identified. The results of many years' surveys at Black Earth and the field 
station suggest that the regal fritillary was not regular (I.e., resident) there. 
6
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Table 2. Summary statistics on formal butter ly surveys during June-September in 
Wisconsin grasslands (listed i  Table 1) during 1990-99 when the temperature was 
;::: 
15.5°C. 
Thtal kilometers 
 Thtalhours 

Wind (kmJhr): mean±SD (range) 

Temperature 
(DC): mean±SD (range) 

Percent 
sunshine: mean±SD (range) 

Time of 
day (hr standard time) 

Thtal regal fritillary individuals 

males 

females 

un
sexed 

ThtalAphrodite fritillary individuals 
624.5 

305.3 

12 
± 6.5 (0-48) 

26 ± 3.8 (15.5-36.5) 

71 ± 37.0 (0-100) 

0643-1759 

2746 

2382 

229 

135 

6766 

Table 3. Regal fritillary records during 1970-89, by site and county (mapped in Fig. 1) 
and 
survey 
results at these sites in the 1990s (Masters 1975, Kirk 1994, Hennessey 
1995, The Lepidopterists' Society 1980-2000; J. Margenau pers. comm.; this study). In­
dividuals recorded: 0 = none, 1 single individual, P = present (> 1 individual recorded 
in single visit). Sites visited in this stUdy: formal surveys (Table 1) in site(s) (F) or else­
where in vicinity (D; informal observations (I). * locality preserved or in conservation 
management at time of
records 
in 1970-89. 
Site 
County 1970-1989 1990-1999 
Thwnship 
railroad prairie Chippewa 1972 (1) 1992 (0), 
1995 (0) 
F Pine Island Wildlife Area'" Columbia 1982-83 (P) 1991, 
1993-94 (0) 
1995-99 (P) 
F Black Earth Rettenmund Prairie'" Dane 1989 (1) 19 0- 93 (0) 
I Open field along Highway CV Dane 1972 (1) mostly 
(outskirts of city of Madison) urbanized; 
small 
scrubby old 
field extant 
F Pine barrens habitat Eau Claire 1972 (1) - (site 
unknown) 
F Muralt Bluff*, Oliver"', and nearby site(s) Green 1978-89(P) 1990-99 (P) 
I Governor Dodge State Park* and area Iowa 1971-76(P) 1994-95 (0) 
I Highways 58/0 junction Juneau 1981 (1) 1994 (0) 
University of Wisconsin Field Station* Ozaukee 1987 (P) 1988-94 (0) 
f Railroad pr rie remnants in three ad- St. Croix 1972 (P) 1995 (0) in 
joining townships (9.5 km2/township) remnants; 
1997-99 (P) 
in 
vicinity 
F Spring Green Preserve* ("main 
or east") Sauk 1975-87(Pl 1990 (1), 
1991-98 (0) 
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Table 4. Regal fritillary populations (or population clusters) discovered in the 1990s 
(based on Opler a d Brown 1991; The Lepidopterists' Society 1991-2000; Opler and 
Swengel 1992, 1994; Swengel 1992; Swengel and Opler 1993, 1995-2000; Kirk 1994; 
Hennessey 
1995; Swengel 1997b; 
A. Williams, pers. comm.), by county (mapped in Fig. 
1). Individuals recorded: 0 none, 1 = single individual, P = present (>1 individual 
recorded in single visit). Sites visited in this study: formal surveys (Table 1) in site(s) 
(F); informal observations (I). Locality preserved o  in conservation ma agement be­
fore 1989 (*) or during 1989--99 (+). 
Site 
County Records 
during 1990s 
F Hogback+ Crawford 1992-99 (P) 
F Thomson+ (includes Barneveld+, DanelIowa 1990 (1), 1991 (0), 
Deer 
Valley+, Thousand's*, 
and area) 1992-99 (P) 
F Buena Vista Wildlife Area* Portage 1997-99 (P) 
I Trempealeau National Wildlife Refuge* Trempealeau 1997 (P); 1989-95 & 
1998-99 (0) 
On an informal visit in summer 1994, we observed no appropriate habit t at 
Highway 5810, which consisted of wood lots and intensively farmed fields. 
From many 
drives along Highway 
CV, we have noted that this corridor is 
mostly urbanized, with some overgrown old field a d scrub near the airport, 
but 
no one to 
our knowledge has searched for regal fritillaries here. 
The 
eleventh historical record is 
from Eau Claire County in pine barre s
(Table 3), a s vannah mixing woody plants (trees and/or shrubs) and a 
herbaceous layer similar to sand prairie (Curtis 1959). No known regal fritil­
lary 
records 
in the 1990s (Tables 3-4) occurred either in that county but we 
know f no formal surveying for this species there during this period (Kirk 
1994, Hennessey 1995, this study) orin barrens there or in nearby counties 
in 
extensive 
summer surveys for oth r Lepidoptera (Bleser 1994, Maxwell 
and 
Ferge 1994, 
Bureau of Endangered Resources 1999). In  field surveys 
in 
pine 
barrens (Swengel a d Swe 1997, Swengel 1998) visited during 
the 
regal fritillary's flight period ( 
d on first and last dates each year in 
Table 5), we recorded 422.6 km and 211.1 hours of butterfly surveys, primar­
ily in Burnett, Jackson, and Wood Counties, but also Adams, Bayfield, C ark, 
Green Lake, Juneau, Monroe, Portage, and Sauk (mapped in Fig. 1). Historic 
and/or current regal fritillary records occur in the italicized counties (Tables 
Opler 1995). For all Wisconsin records that have either an extant named 
site or habitat 
description, 
the habitats were all grasslands (including sand 
prairie), not substantially brushy or canopied savannah (Ebner 1970, Kirk 
1994, this study). 
Four 
localities 
have regal fritillary records (photograph or diagnostic de­
scription) only from the 1990s (Table 4). Resident populations (i.e., sites with 
records in multiple years and multiple individuals per visit) were discovered 
at 
Hogback by others 
in 1992 (Swengel 1992) and by us in 1997 at multiple 
parts 
of 
Buena Vista in an area of about 13 by 16 km in four adjacent town­
ships (Swengel 1997b, Swengel and Swengel 1999). The first records in the 
Thomson cluster, which comprises two adjoining townships (Bureau of En­
dangered Resources 1999), were single females s en by us on two dates in 
1990, but sites of resident populations in this complex were located by oth rs 
starting in 
1992. No prior butterfly survey 
data are available to us for any of 
these 
sites. Thus, a 
lack of earlier records can be attributed to a lack of sur­
veying rather than a lack of regal fritillaries (i.e. there is no basis to assume 
these 
populations were founded recently). 
Two regal fritillaries were seen by 
8
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Table 5. Dates (MDD) of earliest, peak, and latest observation dates, and span (difference in days) b tween earliest and latest, for 0 
Aphrodite and regal fritillaries in this study (1990-99 in Wisconsin in historical range ofthe regal fritillary as in Fig.1). Earliest and 
latest 
flight 
dates for regal fritillary in Wisconsin (multiple decades) are from Dane County in 1972 (Kirk 1994) and Iowa County in 
1994 (A. Williams, pers. comm.). Nielsen (1999) supplies flight dates for Michigan, a state similar in latitude bordering Wisconsin to 
the east. If the start 
or 
end date is the same as the peak date that year, the start or end date is left blank. Dates in parentheses were 
clearly much late  (for start) or earlier (for end) than must have actually occurred in the flight period that year (based on number of 
individuals observed on those dates) and are excluded from calculations of span. 
Aphrodite fritillary Regal fritillary 
nonel 
Wisconsin 
1990 701 
1991 612 
1992 626 
1993 701 
1994 617 
1995 626 
1996 624 
1997 627 
1998 612 
1999 609 
mean date 
range (days) 
1990-99 
multiple decades 
----~-----.--.---.------
earliest peak2 latest nonel span 
702 723 814 815 43 
(629) 703 821 822 
627 715 
901 903 66 702 72 825 
826 
54 
618 717 
907 908 
81 
627 711
909 910 74 625 
716 827 
828 63 
628 715 906 907 7  
613 706 826 828 74 
610 712 827 828 78 
621 714 904 
22 20 40 
610 
909 
91 
none l 
627 
703 
628 
earliest 
704 
630 
629 
628 
708 
716 01
(625) 3 
630 24 
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0 
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0 
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Michigan 
multiple 
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613 923 102 22 907 77 
lThe nearest date before start and after end that we surveyed in range and habitat of this study. 

2The date with the highest density that year (total individuals observed per total survey time, for unit surv ys only at sites where we 

ever 
recorded 
the species during 1990-99). 
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others in a visit t Trempealeau in 1997 (Swengel and Opler 1998). We ob­
served none there in an informal visit on 6 August 1997, nor did other ob­
servers on visits to this area (including the specific locality (K. Legler, pers. 
comm.) once each year within the regal fritillary flight period for that year 
(as in Table 5), on 13-23 July in 1989-95 and 1998-99 (Opler and Brown 
1990, 1991; Opler and Swengel 1992, 1994; Swengel and Opler 1993, 1995, 
1999, 2000). The nearest regal fritillary population known to us is across the 
Mississippi River in Minnesota about 35-40 kID upstream (D. Hansen, pers. 
comm.). 
Nearly all areas of regular regal fritillary observations occurred in clus­
ters 
of sites (Buena Vista, Governor Dodge, Muralt, 
Pine Island, St. Croix, 
Thomson). Only two occurred in a single known occupied pat h (Hogback, 
Spring Green), although o er potential habitat patches are in the same and 
adjoining townships and may not have been adequately explored. The origi­
nal records at Thomson were single individuals; only after more years and 
surveys by various teams were habitat types and locations of the resident 
populations identified in this complex. Single records of single individuals 
could represent strays from source populations, similar to reports of individ­
uals in 
home 
gardens near Vermilion, South Dakota (M. Wetmore, pers. 
comm.), Odessa, Missouri (A. Branhagan, pers. comm.), and Hudson in St. 
Croix County, Wisconsin (J. Margenau, pers. comm.). While it is impossible 
to know the origin f those individuals, the first observations at Thomson 
and the 
garden record from Hudson suggest 
the value of searching outward 
from sites of apparent strays up to 5-10 km. However, we never observed a 
regal fritillary in prairie plantings containing many 
flowers we observed 
regal fritillaries to visit, 
either at the planting abutting Thousand's II or at 
Nachusa, Illinois (where we visited both original and planted prairie on nine 
visits in each year from 1992 to 1997 when we recorded regal fritillary at the 
site). All historical localities and ex ant populations (or population clusters) 
were originally discovered (an  refound, if applicable) by private or volunteer 
effort, although government-and agency-sponsored surveys filled in addi­
tionallocalities at some of these areas. 
Flight period. In 
all 
study years, we recorded the Aphrodite fritillary 
both before and after our regional peak date, but for the regal fritillary, our
regional peak date was also our first observation date in 1991 and our last in 
1990 (Table 5). Since we required special expeditions to observe regal but not 
Aphrodite fritillaries, we obtained more complete flight period data for the 
latter. After the first two years (1990-91) of this study, we made more al­
lowance in our scheduling to accommodate annual variation in the regal frit­
illary's flight period. Our observed flight dates for thi  species were also more 
robust later 
in 
the study because we knew of more populations to study. 
In 
both this 
study and Michigan (Table 5), the earliest observation date 
for Aphrodite fritillary preceded that for regal fritillary by about 1-2 weeks, 
while the latest Aphrodite fritillary date followed that for regal fritillary by 
about 1-2 weeks. Within each year of this study, our first Aphrodite fritillary 
date averaged 7.5 days earlier than that for regal fritillary, our peak 
Aphrodite fritillary date averaged 6.4 days earlier (5.0 days with 12 July 
1999 as regal fritillary peaksee Methods), and our latest Aphrodite fritillary 
date 3.9 days later (Table 5). Within year, th  difference in days between ear­
liest and peak dates averaged 21.6 for the Aphrodite fritillary (range 14-32 
days), and 22.5, or 20.8 with alternate peak date in 1999, for the regal fritil­
lary (range 11-37 days either 
way); between 
peak and latest dates, 45.8 
(22-60) days for the Aphrodite fritillary, nd 38.9 (22-56) days, or 40.6 
(26-56) with alternate peak date in 1999, for the regal fritillary. 
The variation among years in our earliest, peak, and l test observation 
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dates was ~ 3 weeks for both fritillaries (Table 5). For the Aphrodite fritillary, 
a 44-day period (2 July to 14 August) occurred between the earliest date in 
the latest year and the latest date in the earliest 
year; a 
32-day period (16 
July 
to 17 August) for 
the regal fritillary (based on individual years' dates in 
Table 5, excluding ones in parentheses). This shorter period could be due to 
sampling error 
or insufficient sampling, 
but might also relate to the regal 
fritillary's apparently shorter flight period per year than for Aphrodite Fritil­
lary 
(see Michigan 
dates in Table 5). All peak dates for the Aphrodite fritil­
lary 
fell 
within its 44-day period, but three peak regal fritillary dates fell 
earlier than its 32-day 
period. 
If 12 July 999 is used as the peak regal fritil­
lary date 
(see Methods), 
then four peak dates fell outside the 32-day period. 
DISCUSSION 
Long-term status and trend. Ebner 
(1970) 
reported the Aphrodite frit­
illary as 
common 
and widespread in Wisconsin, but the regal fritillary as 
very 
local 
and scarce, similar to descriptions for ther midwestern states 
(Irwin and Do ney 1973, Sedman and Hess 1985, Shull 1987, Nielsen 1999). 
But further refinement of this general 
description does 
not appear possible 
because it is uncertain how the sparse historical da a relate to the species' 
actual 
occurrence 
then. For example, data available to Ebner (1970) on the 
Aphrodite fritillary came from the northern two-thirds of Wisconsin, but it is, 
and presumably 
was, a 
statewide species (Opler 1983, 1995). The coral hair­
streak [Satyrium (Harkenclenus) titus (Fabricius 1793)] was also deemed 
rare (Ebner 
1970), 
but with greatly increased reporting since then, it is now 
known 
to occur widely 
and regularly in the state (Opler 1983, 1995; Opler 
and 
Brown 1990, 1991; Opler 
and Swengel 1992, 1994; Swengel and Opler 
1993, 1995-2000). Based on the habitats and land use histories where the 
coral hairstreak has been reported, it was most likely relatively common 
then as 
well, 
but underreported. Thus, scarce data may correspond to rarity, 
or to biases in relative underreporting or undervisiting of the types of places 
a species inhabits. Given the imprecision of current information about past 
vegetations and land uses in 
Wisconsin, 
it does not appear useful to try to 
infer the egal fritillary's past distribution and abundance in the state based 
on current information about site occupation. 
Furthermore, the history of 
population persistence 
and turnover cannot 
be reliably quantified. Of the 
five 
populat ons or clusters of populations 
known in 1970-89, two 
now 
appear extirpated (Governor Dodge, Spring 
Green), two (Pine Island, St. Croix) were rediscovered as small populations, 
and 
one (Muralt) 
has dwindled drastically (Borth 1992). Three populations or 
clusters of 
populations discovered 
in the 1990s cannot be considered recent
foundings because earlier survey data are unavailable. But their existence 
suggests the 
possibility 
of other undiscovered populations extant before the 
1990s, and their fates are undeterminable. Colonization by the regal fritil­
lary 
is implied by a 
recent proliferation of new county records in Colorado 
(The Lepidopterists' Society 1999) and occupation of anthropogenic habitats 
there (irrigated 
ditches 
and old fields) and in eastern states (hayfields and 
pastures on formerly forested areas) (Ferris and Brown 
1989, 
Wagner et 
al.1997). But records of disper ers in gardens and prairie plantings are rare 
and 
show no evidence 
of consistent occupation. Data from Wisconsin are in­
conclusive. Despite intensive former agricultural uses apparent at Buena 
Vista, Pine Island, and St. Croix, regal fritillaries may not have colonized f­
terward. Instead, they may have persisted throughout, with decadal varia­
tion in relative abundance and number of 
occupied patches, 
but not in pres­
11
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ence of a population. It does not seem possible to evaluate how representa­
tive known sites are of the actual long-term landscape 
occurrence 
of the 
species. However, the increase in available data duri g the 1990s may pro­
vide an adequate basis for assessing future changes in regal fritillary status 
and 
trend. 
Nonetheless, a sufficient basis exists for concern 
about the current regal 
fritillary status and trend in Wisconsin. Despite the considerable survey ef­
fort reported by many observers in the past decade, relatively few extant 
populations are known. Moreover, data from sites known to have had consis­
tent 
populations 
in the past and conserved for more than a ecade (Governor 
Dodge, Muralt, Oliver, Pine Island, Spring Green: Table 3), indicate extirpa­
tion, decline, and/or low numbers of the regal fritillary, while sites currently 
known to have larger popUlations have had conservation management for no 
more than about a decade (Barneveld, Deer Valley, Hogback, Thomson 2), ex­
cept Buena Vista (Table 4). 
Violet association. 
Ferge (1990) commented 
that grassland violets were 
necessary but likely not limiting for the regal fritillary in Wisconsin because 
the 
violets were 
much more prevalent than the fritillary. However, Kelly and 
Debinski (1998) suggested that larval host could be limiting in the neighbor­
ing state of Iowa, because occupied sites usually had fewer violets and fritil­
laries than sites further 
west 
with larger populations. In Wisconsin and ad­
joining states, 
we found violets 
in each grassland study site we searched 
(Swengel 1997a). Relative abundance of adult regal fritillaries significantly 
covaried with abundance of two out of three violet species, but not with total 
violets or the most abundant species (Viola pedata), a frequently reported 
host 
abounding 
in some sites lacking regal fritillaries. Likewise, Kelly and 
Debinski (1998) found violets in all their regal fritillary sites, as well as a 
near 
significant covariance 
(P < 0.06) between regal fritillary population size 
and 
violet density, 
but some site  with abundant violets had few fritillaries. 
These r ults are consistent with the principle that oligophagons butterflies 
have 
a 
narrower distribution and occurrence than their host(s) (New t 
a1.1995), due to the need for a sufficient, consistent abundance of host to sup­
port the 
butterfly viably 
and to additional factors other than host that limit 
the 
butterfly. 
However, some of 
our regal fritillary sites had relatively uncommon vio­
lets 
(pers. obs.), 
and it is hard to attribute this entirely to detection difficul­
ties because of th ir small size being obscured by ther plant matter. Similar 
observations have led others to question whether violets are th  only host 
(Williams 1999). To be sure, the literature can contain both erroneous and in­
complete host reports (e.g., Fielding and Coulson 1995), and proof that all 
regal 
fritillaries 
use only violets in nature is virtually unobtainable. But no 
available studies indicate that any Speyeria uses any other host. Early-instar 
regal 
fritillary 
larvae in prairie vegetation (in the field and a greenhouse) 
rested 
on young violets, 
and all instars fed on violets (Kopper 1997, Wagner 
et 
a1.1997). Regal 
fritillary abundance significantly covaried with that of 
other grassland 
fritillaries (Speyeria 
and Boloria Moore 1900) reported to 
feed only on violets (Swengel 1997a). The Aphrodite fritillary was typically 
more abundant than regal fritillary in regal fritillary sites in Wisconsin and 
other 
violet-feeding fritillaries occurred 
in regal fritillary sites where we de­
tected relatively few violets (Swengel 1997a; pers. obs.). Thus, it is useful to 
evaluate the regal fritillary's relationship to violet abundance in the context 
of these other 
fritillaries' violet associations. Despit~ statistical 
correlations of regal fritillary abundance 
with some vi­
olet species (Swengel 1997a), it appears unlikely that the species of violet is a 
major limiting factor. Instead, other factors (e.g., distance or barrier to ear­
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est extant population; amount of canopy in the site) may prevent regal fritil­
lary 
use of patches where 
other violet species predominate. Rear d regal frit­
illary larvae 
completed development on violets 
not present or prevalent in 
their habitat, 
including cultivars 
of the Eurasian Viola tricolor (Wagner et 
a1.1997). Thus, if all other requirements are met, regal fritillary populations 
could probably use at least some violets not characteristic of their typical 
habitat in an area. 
In 
conclusion, more violets 
tend to make more regal fritillaries, but sites 
with abundant 
violets
may have few or no regal fritillaries compared to other 
sites 
containing violets 
but more sparsely. This implies that other factors in 
addition to violets affect the distribution and abundance of regal fritillaries, 
so that effort  to find a  conserve regal fritillaries should be based on more 
than just 
violets. 
It is not immediately evident whether a site with sparse vi­
olets has a small regal fritillary population caused by th  sparse violets or by 
other 
factor(s) 
resulting in both sparse violetsand fritillaries (possibly even 
causing the 
fritillaries 
to decline sooner or more than the violets). While the 
violets need to be maintained, it is equally important that such management 
activities not exert or exacerbate ther limiting factors on the regal fritillar­
ies 
themselves. Refining the habitat description. 
Regal fritillary 
habitat descriptions 
available at th start of this study emphasized the species' close association 
with natural 
(floristically native), virgin (original, never tilled) 
prairie that 
was not unduly disturbed (degraded or modified by human uses), and secon­
darily with wet meadows (Ebner 1970, Opler and Krizek 1984, Shull 1987, 
Royer 1988, Ferris and Brown 1989). For Illinois (neighboring Wisconsin to 
the 
south), 
Sedman and Hess (1985) provided more detail: primarily san  
dune savannah and dry prairie 
hillsides 
near streams, as well as marshy 
areas. For Wisconsin, the Bureau of Endangered Resources (1989) and Ferge 
(1990) noted the species' need for relatively large prairie areas. 
In our concurrent studies including 
five 
other tallgrass prairie states 
(Swengel 1996, 1997a, 1998; Swengel and Swengel 1997), th  factors of most 
statistical importance were larger prairie size, topographic diversityi.e., con­
taining both wetter and drier grassland (resonant with the dry prairie 
hill­
sides 
near streams in Sedman and Hess [1985]), and unintensive manage­
ment 
(light 
haying or grazing, versus burning). Of secondary importance, 
significantly higher abundances were in higher-quality (floristically more na­
tive and less degraded) an  drier prairie, but regal fritillaries were well rep­
resented in the 
full 
range of degradation and soil moisture types. Royer
(1988) and Ferris and Brown (1989) reported a preference for wetter habitat 
in 
mixed 
and shortgrass prairies, which are further west than Wisconsin and 
drier in climate 
(Risser 
et al.I981). Violets in these more western prairie 
types are more restricted to wetter areas (Nagel 1992). 
Ai> 
expected, we observed 
substantial regal fritillary numbers in many 
patches of native prairie, but this was probably not the primary factor defin­
ing 
regal fritillary 
habitat. Instead, native prairie flora often but not always 
correlated with more important 
factors: 
larger patches (and clusters of 
patches) more likely have topographic diversity and long-term histories of 
more favorable land uses (such that native flora, if present, had not been de­
stroyed). Searches only in er-quality pra rie could miss the actual core 
areas of 
some populations. ough we (appropriately) 
interpreted the sin­
gle females seen in Thomson 1 in 1990 as dispersing from a nearby popula­
tion, we did not survey Thomson 2 because it was much more degraded (more 
brushy and 
weedy), 
even though we examined it from the adjacent Thou­
sand's II 
site. 
Fortunately, others happened upon the regal fritiHaries in 
Thomson 2 a d reported them. A "native" paradigm would also preclude 
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seeking regal fritilIaries at Buena Vista. Instead, we deliberately searched 
there 
because 
of its large grassland size, variety of moisture types (despite I !relatively level topography), and decades of unintensive conservation man­
agement, despite its previous history of widespread drainage, tillage, and re­
version to old field (Swengel 1997b). A "natural" paradigm-that non-inten­
sive farm practices (haying, livestock grazing) are inappropriate for 
conserving native prairie sp cies-would also preclude searching at Buen  
Vista for the regal fritillary. 
From this 
perspective, very 
small « 1-2 ha) remnants of prairie flora 
with 
regal fritillary records (e.g., 
Masters 1975) are explicable as satellites in 
the 
vicinity 
of a core population. 1b search for the core, it appears useful to 
focus on larger grasslands with less intensive management rather than more 
native floristic composition. Unless the core(s) have sufficiently high carrying 
capacities and are secured with sympathetic management, regal fritillary 
persistence there and in satelli s is in doubt. 
Native and natural paradigms for regal fritillary habitat are convenient 
for using this species as a flagship to promote already existing programs for 
conservation of native prairie flora. But as Goldstein (1999) pointed out, a 
rare 
species 
may not adhere strictly to the natural vegetations defmed by 
ecologists and conservationists, so hat rate es for ecosystem conservation 
may not 
coincide adequately 
with the particular species' conservation needs. 
A focus primarily on n tiveairie flora and "natural" management, with a 
lesser regard for the butterfly's oth r habitat preferences, would fall short of 
beneficial conservation outcomes feasible for the regal fritillary. 
The single report from pine barrens in Wisconsin has affinity to associa­
tions with sand dune savannah (Sedman and Hess 1985) and sand prairie 
(Ebner 1970), similar in herbaceous flora to pine barrens (Curtis 1959). How­
ever, the occupied savannah in Illinois contains large blocks of primarily 
grassland 
cover 
amidst scrub or woodlot (pers. obs.), s  that the regal fritil­
lary habitat there 
could be viewed 
either as savannah or as grassland sur­
rounded 
by non-habitat. Despite 
the abundance of Viola pedata in many pine 
barrens in central 
Wisconsin (pers. obs.), 
these sites rarely have comparably 
large t acts consistently dominated by herbaceous flora, which is characteris­
tic of all regal fritillary populations we have studied in Wisconsin and else­
where. The greater cover and intermixing of woody canopy in Wisconsin pine 
barrens may mitigate against 
(or correlate 
with unfavorable managements 
that 
mitigate against) consistent 
regal fritillary occupation or ability to recol­
onize regularly, thus explaining the dearth of records there. 
Recommendations for survey protocols. 
The more widespread 
and 
abundant 
Aphrodite fritillary, 
with its slightly earlie  onse  and peak flight, 
provides valuable cues to the regal fritillary's phenology. When a survey pro­
tocol (as in thi  study) does not include weekly surveys throughout summer, 
it 
is 
important to anticipate proper survey timing. Surveying during the span 
of dates 
encompassing 
the main regal fritillary' period in most years 
will miss peak flight in years of earliest phenology, t include surveys mu h 
earlier than 
necessary 
in years of latest phenology. In the absence of reliable 
cues to regal fritillary phenology, surveys in Wisconsin should begin no later 
than 
1 
July so as not to miss peak in the earliest years. 
We 
can't know how different 
or more accurate our results would be had 
we obtained a comparably sized dataset under a stricter protocol, but such a 
protocol would have precluded o r amassing as large a dataset during the 
same study 
period. Yet despite 
our wide range of survey conditions (Table 2) 
and our 
inability to field surveys weekly or always 
with two observers, our 
dataset 
produced generally 
consistent and expectable patterns for the two
fritillaries in terms of flight period phenology. Thus, data obtained under less 
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than ideal conditions would appear useful, if handled with appropriate care. 
Nonetheless, our results should be interpreted with the caution that they are 
relatively crude. Their meaning derives not from the anecdotes of individual 
surveys but from the overall patterns in large samples from multiple sites 
and 
years. General applications to butterfly conservation. This study 
illus­trates the 
immense potential 
of volunteers for the study of rare butterflies. 
We 
publicized 
our interest in regal fritillary data in slide talks, new etter 
articles, and meetings, which seemed to encourage others to 
notice 
the 
species incidentally in the field and report observations (e.g., first records in 
1990s at Hogback, St. Croix, and Thomson 2). These records, along with the 
historical information gathered by volunteers, greatly enhanced the scope of 
this 
study, which 
was also largely conducted in a volunteer capacity. Volun­
teers can make their 
observations more valuable to science 
if they record not 
just
presence 
but observed numbers, even if informally, and also document 
absence, by keeping track of when and where they went, for how long, and in
what habitat. 
Conversely, a programmatic commitment to encourage 
and fa­
cilitate already interested volunteers 
would be advisable for conservation 
agencies 
and scientific institutions. However, institutional indifference and 
obstructiveness, in both deliberate and oblivious forms, appears to frequently 
discourage the motivation towards volunteer contributions (cf. Pyle 1998). 
Our 
concurrent 
studies elsewhere, wh re more and larger regal fritillary 
populations occurred, were very useful for understanding regal fritillary ob­
servations in Wisconsin. A large number of populations were necessary for 
obtaining adequate ranges of habitat and management factors. An immedi­
ate 
benefit 
of these concurrent studies was the realization that Buena Vista 
warranted 
searching for itillary. However, 
it was necessary to apply 
the 
concurrent 
research wi caution because of biogeographic (e.g., climatic) 
differences and the possibility oflesser sensitivity by a species when it occurs 
more widely and abundantly in the landscape. 
Our interest in 
more 
than a single species was also useful for increasing 
our 
sample on less frequently encountered species. 
Our interest in grassland 
birds 
(e.g., Swengel 
and Swengel 1999) greatly increased our motivation to 
survey Buena Vista. This other interest also maintained our motivation to 
continue at Pine Island, where we did not finthe regal fritillary until our 
third 
survey year. This also 
demonstrated that, even for relatively easily de­
tected species like the regal fritillary, considerable survey effort (more than 
usually done in status surveyscf. Kirk 1994, Hennessey 1995) may be neces­
sary 
to detect small populations. A multi-species approach 
may also be more 
attractive to 
volunteers, who would likely be lepidopterists or birdlbutterfly watchers interested in more than 
one species. 
Studying widespread 
congenor(s), such as th  Aphrodite fritillary, w h close affmity to the rare 
species can also be valuable for increasing the sample and testing conclu­
sions by comparison. 
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